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Abstract 



PURPOSE:To achieve a promotion of a formation of a temporary bone and a healing of a bone efficiently by 
adjusting a phase of an ultrasonic vibration induced in a broken part of a bone with respect to a phase of a 
current to be induced in the broken part thereof to select an effective treating pattern at the broken part 
thereof. 

CONSTITUTION:Electrodes 2a and 2b connected to both output ends of a high frequency generator 1 are 
arranged on a skin as opposed to each other sandwiching a broken part of a bone. Then, an ultrasonic 
oscillation element 4 is arranged on the skin of the broken part of the bone at the right angle to a direction of 
opposing the electrodes 2a and 2b to each other. When a power source switch is closed to an ON position, 
a high frequency is applied between the electrodes 2a and 2b and at the same time, an ultrasonic wave is 
radiated to the broken part of the bone from the ultrasonic oscillation element 4. As an ultrasonic wave is 
radiated to the broken part of the bone, a piezoelectricity is generated by an ultrasonic vibration induced in 
the broken part of the bone. Then, a phase adjuster 5 is adjusted to vary a phase of a high frequency output 
to be fed to the ultrasonic oscillation element 4 thereby allowing the setting of an effective treating pattern at 
the broken bone part from a correlational relationship thereof with a phase of an induced current by a high 
frequency. 
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Claims 



1. A bone healing acceleration device which comprises a high 
frequency generator, an electrode to which is applied the output 
of the aforementioned high frequency generator, and an ultrasonic 
oscillator; wherein said bone healing acceleration device is 
characterized in that it comprises a phase varying means which 
alters the phase of the output provided to the aforementioned 
ultrasonic oscillator with respect to the phase of the output 
provided to the aforementioned electrode. 

2. The bone healing acceleration device described in Claim 
1, which is characterized in that it comprises a frequency 
divider which applies the output of the aforementioned high 
frequency generator, which is provided to the aforementioned 
electrode, after multiplying it by 1/2° (where n is an integer 
1, 2, 3, • • •)• 



Detailed explanation of t ha invention 
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Industrial application field 

The present invention pertains to a bone healing 
acceleration device that is suitable for use in therapy for 
broken bones. 

Prior art 

Bone healing acceleration devices heretofore used in broken 
bone therapy have been developed using the following methods: dc 
current stimulation, ac current stimulation, pulsed 
electromagnetic field stimulation (PEMF) , and capacitively 
coupled electric field (CCEF) . 

Bone healing acceleration devices which use dc current 
stimulation or ac current stimulation involve the insertion of 
two electrodes near the fracture and application of an electronic 
current between them. Bone healing acceleration devices which 
use pulsed electromagnetic field stimulation involve irradiating 
the fracture from the outside with a pulsed electromagnetic field 
so as to generate an induced current in the fracture. Bone 
healing acceleration devices which use the capacitively coupled 
electric field method involve the attachment of two electrodes on 
the skin surrounding the fracture so as to sandwich the fracture, 
and application of high frequency waves between them. 



Problems to be solved by the invention 

Incidentally, of the various aforementioned conventional 
bone healing acceleration devices, those which. utilize dc current 
or ac current stimulation are advantageous in that they permit a 
concentration of electronic stimulating energy in the fracture 
because they involve the direct insertion of electrodes into the 
body as described above. However, because electrodes are 
inserted into the body, there is the drawback of related bodily 
pain. In contrast, those methods which utilize pulsed 
electromagnetic field stimulation or the capacitively coupled 
electric field method have the advantage of little burden to the 
patient because they do not require the insertion of electrodes 
into the body. However, these are disadvantageous in that it is 
difficult to efficiently concentrate the electronic stimulating 
energy in the fracture, thus requiring a considerable length of 
time for formation and bone healing. 

The present invention has been developed in light of the 
above conditions, and has the objective of providing a bone 
growth acceleration device with which it is possible to form new 
bones and heal bones noninvasively and in a short amount of time. 

Means to solve the problems 

The invention described in Claim 1 is a bone healing 
acceleration device which comprises a high frequency generator, 
an electrode to which is applied the output of the aforementioned 
high frequency generator, and an ultrasonic oscillator; wherein 
said bone healing acceleration device is characterized in that it 
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comprises a phase varying means which alters the phase of the 
output provided to the aforementioned ultrasonic oscillator with 
respect to the phase of the output provided to the aforementioned 
electrode. 

The invention described in Claim 2 has the structure of the 
invention described in Claim 1, and is characterized in that it 
comprises a frequency divider which applies the output of the 
aforementioned high frequency generator, which is provided to the 
aforementioned electrode, after multiplying it by 1/2° (where n 
is an integer 1, 2, 3 . . •)• 

Function 

With the structure described in Claim 1, it is possible to 
adjust the phase of the piezoelectricity, resulting from the 
ultrasonic vibration induced in the aforementioned fracture, with 
respect to the phase of the high frequency current induced in the 
fracture. Thus it is possible to select a therapeutic pattern^ 
which is effective for the fracture, making it possible to 
efficiently form new bone. 

With the structure described in Claim 2 it is possible to 
divide the high frequency output which is provided to the 
electrodes. Thus it is possible to set a suitable electronic 
stimulation pattern. 
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Application examples 

Application examples of the present invention will be 
described below with reference to the figures. 

Figure 1 is a block diagram which illustrates the general 
structure of the bone healing acceleration device of the first 
application example of the present invention. It should be 
noted that the capacitively coupled electric field method 
described above is used with the bone healing acceleration device 
of the present application example. 

In the figure, (1) is a high frequency generator which has a 
60 kHz output adjustable as desired between 2.5 and 10 V PP . In 
addition, the frequency may be varied as desired. (2a) and (2b) 
are electrodes which are connected to the two output terminals of 
the high frequency generator (1) through cords (3a) and (3b) . 
(4) is a ultrasonic oscillator. In this case, the ultrasonic 
oscillator (4) is structured so that the ultrasonic energy is 
formed into a beam (not shown) . (5) is a phase shifter which 
alters the phase of the high frequency output that is provided to 
the ultrasonic oscillator (4) from the high frequency generator 
(1) . (6) is a power supply which supplies power to the 
components of the device. 

With the bone healing acceleration device structured in the 
above manner, as shown in Figure 2, the electrodes (2a) and (2b) 
are placed on the skin so as to oppose each other on opposite 
sides of the fracture. The ultrasonic oscillator (4) is placed 
on the skin near the fracture so as to be perpendicular to the 
direction in which the electrodes (2a) and (2b) oppose each 
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other. After these placements are made and a power switch (not 
shown) is turned on, a high frequency wave is applied between the 
electrodes (2a) and (2b) , and an ultrasonic wave is emitted from 
the ultrasonic oscillator (4) in the direction. of the fracture at 
the same time. When the ultrasonic wave is emitted towards the 
fracture, piezoelectricity is created by the ultrasonic vibration 
induced in the fracture. Next, the phase shifter (5) is adjusted 
to alter the phase of the high frequency output provided to the 
ultrasonic oscillator (4) . A therapeutic pattern which is 
effective for the fracture is set based on the correlation 
between this and the phase of the induced current resulting from 
the high frequency wave. 

Next, Figure 3 is a block diagram which illustrates the , 
general structure of the bone healing acceleration device of a 
second application example of the present invention. In this 
second application example a frequency divider (7) is situated 
between the output terminals of the high frequency generator (1) 
and the electrodes (2a) and (2b) . In other respects the 
structure is the same as that of the first application example 
described above. 

The frequency divider (7) multiplies the output of the high 
frequency generator (1) by 1/2° (where n is an integer 
1, 2, 3, . . .). For example, if n = 4 and the frequency of the 
output of the high frequency generator (1) is 1 MHz, then it is 
divided into a frequency of 62.5 kHz. In this case, assuming 
that 60 kHz is the electronic stimulation frequency which is 
considered effective for accelerating the bone healing process, 
the ultrasonic vibration frequency should be between 1 MHz and 
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1.5 MHz . Thus if the output frequency of the high frequency 
generator (1) is set to 1 MHz, then the output will be provided 
without modification to the ultrasonic oscillator (4), where the 
1 MHz high frequency output is multiplied by 1/2 4 to obtain a 
62.5 kHz high frequency output that is provided to the electrodes 
(2a) and (2b) . 

Thus with the bone healing acceleration device of the second 
application example, it is possible to provide electronic and 
ultrasonic stimulation to the targeted fracture by effectively 
combining the following in the body structure: an electronic 
stimulation pattern that is determined by the electronic 
characteristics of the structure, and a projected pattern of 
ultrasonic energy that is determined by the ultrasonic 
characteristics in the body structure. 

Effects of the invention 

Thus because the present invention is structured in the 
above manner it provides the following effects. 

With the bone healing acceleration device described in Claim 
1, it is possible to adjust the phase of the ultrasonic vibration 
induced in the aforementioned fracture with respect to the phase 
of the current induced in the fracture. Thus it is possible to 
select a therapeutic pattern which is effective for the fracture, 
making it possible to efficiently form new bone and accelerate 
bone healing. 
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In addition, with the bone healing acceleration device 
described in Claim 2 it is possible to divide the output of the 
high frequency generator which is provided to the electrodes. 
Thus it is possible to set a suitable electronic stimulation 
pattern and a suitable projected ultrasonic energy pattern. 

Brief explanation of t he figures 

Figure 1 is a block diagram that illustrates the general 
structure of the bone healing acceleration device which is the 
first application example of the present invention. Figure 2 is 
a diagram that illustrates the first application example in use. 
Figure 3 is a block diagram that illustrates the general 
structure of the bone healing acceleration device of the second 
application example of the present invention. 

1. High frequency generator 
2a, 2b. Electrodes 

4 . -■ Ultrasonic oscillator 

5. Phase shifter (phase varying means) 

6. Power supply 

7. Frequency divider (frequency dividing means) 
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Figure 1 

Key: 1 High frequency generator 

5 Phase shifter 

6 Power supply 




Figure 2 



Key: 1 Fracture 



11 



i 



6 

■ I ) 



Figure 3 

Key: 1 High frequency generator 

5 Phase shifter 

6 Power supply 

7 Frequency divider 
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